The Loess Plateau is one typical area of serious soil erosion in the world. China has implemented ′Grain for Green′ (GFG) project to restore the eco-environment of the Loess Plateau since 1999. With the GFG project subsidy approaching the end, it is concerned that farmers of fewer subsidies may reclaim land again. Thus, ′Gully Land Consolidation Project′ (GLCP) was initiated in 2010. The core of the GLCP was to create more land suitable for farming in gullies so as to reduce land reclamation on the slopes which are ecological vulnerable areas. This paper aims to assess the effect of the GLCP on soil erosion problems by studying Wangjiagou project region located in the central part of Anzi valley in the middle of the Loess Plateau, mainly using the revised universal soil loss equation (RUSLE) based on GIS. The findings show that the GLCP can help to reduce soil shipment by 9.87% and it creates more terraces and river-nearby land suitable for farming which account for 27.41% of the whole study area. Thus, it is feasible to implement the GLCP in places below gradient 15°, though the GLCP also intensifies soil erosion in certain places such as field ridge, village land, floodplain, natural grassland, and shrub land. In short, the GLCP develops new generation dam land and balances the short-term and long-term interests to ease the conflicts between economic development and environmental protection. Furthermore, the GLCP and the GFG could also be combined preferably. On the one hand, the GFG improves the ecological environment, which could offer certain safety to the GLCP, on the other hand, the GLCP creates more farmland favorable for farming in gullies instead of land reclamation on the slopes, which could indirectly protect the GFG project.
Introduction
The Loess Plateau, as one typical area of serious soil erosion in China has received much attention from both the government and academic spheres (Yang and Yu, 1992; Ritsema, 2003; Ostwald and Chen, 2006; Fu et al., 2011; Chen et al., 2013; Hou et al., 2014) . Around 2000 years ago, the Loess Plateau was mainly covered by forest with little soil erosion, however, the Huanghe (Yellow) River started to become turbid due to soil erosion about 600 years later (Wang et al., 2006; Bettinger et al., 2007) . The major reason for soil erosion in the Loess Plateau was reclamation for farming land and low vegetation coverage (Fu, 1989) . To cope with the ever increasing ecological problems, the Chinese Central Government implemented ′Grain for Green′ (GFG) pro-ject in the Loess Plateau since 1999 , and the ecological environment of the Loess Plateau has recovered to some extent (Deng et al., 2012; Zhou et al., 2012) . Owning to the GFG project, the vegetation cover increased significantly (Zhou et al., 2008; Miao et al., 2012) as the soil and water erosion decreased consistently Zhou et al., 2012) . However, it is unclear that if the GFG project benefits all local households and improves rural living conditions (Uchida et al., 2007; Bennett, 2008; Liang et al., 2012) . Particularly, as the government adjusts the subsidies for the GFG project, it is concerned that farmers who get less subsidies may reclaim land again (Cao et al., 2009) . Thus, how to deal with the conflicts between agricultural development and ecological protection in the Loess Plateau needs particular attention (Guo et al., 2014) .
In 2010, the ′Gully Land Consolidation Project′ (GLCP) was initiated in some counties of Yan′an City, Shaanxi Province, which is located in the central Loess Plateau. Later, the project was extended to the whole Yan′an City. The GLCP as an important land-resource engineering aims to approach a way to settle the conflicts between agricultural development and ecological protection in the Loess Plateau especially when the GFG subsidies are getting less. The core of the GLCP is to create more farming land in gullies so as to reduce land reclamation on the slopes which are ecological vulnerable areas. Then, the GLCP could help to improve the quality of land eco-system in the Loess Plateau. Gullies consolidation to create farmland has proved some effects, such as saving water, developing rural economy and reducing natural disasters (Long et al., 2010; . However, it still needs further study to investigate the GLCP effect on the soil erosion problems both qualitatively and quantitatively. Thus, this paper aims to analyze the changes of soil erosion on the Loess Plateau before and after the GLCP, and this study further reveals how the GLCP helps to ease the conflicts between agricultural development and ecological protection.
Study Area and Methodology

Study area
The Wangjiagou project region (36°06′22″-36°09′49″N, 109°36′12″-109°40′25″E) is located in the northeast of Fuxian County, Yan′an City, Shaanxi Province, China (Fig. 1 ). It covers a total area of 281.3 ha and lies in the central part of Anzi valley in the middle of the Loess Plateau, featured with intertwined terrain, ridge sand mound. The average annual temperature, sunshine hours, frost-free period, precipitation are 7.1℃-9.0℃, 2032-2428 h, 130 d, 500-600 mm, respectively. There is one administrative village named Anzi Village which consists of eight natural villages. The GLCP in Wangjiagou project region started in April, 2012 and ended in March, 2013.
Methodology
This paper tries to assess the soil erosion by using GIS-based revised universal soil loss equation (RUSLE) model in Wangjiagou project region in the Loess Plateau. The universal soil loss equation (USLE) (Wischmeier and Smith, 1978) is widely used to monitor soil erosion because of its applicability and reliability (Lee, 2004; Fu et al., 2011) . The GIS is widely employed in USLE/RUSLE to assess soil erosion (Fistikoglu and Harmancioglu, 2002; Erdogan et al., 2007; Irvem et al., 2007; Bonilla et al., 2010; Chen et al., 2011; Prasannakumar et al., 2012) . The digital elevation model (DEM) established by data from field-measured elevation points and contours is more employed for relatively smaller areas (De Bruin and Stein, 1998; Liu et al., 2003; . This study used high-density field-measured elevation points to establish DEM which was precise enough for the study.
where A denotes the average annual soil loss caused by sheet and rill erosion (t/(ha·yr)); R indicates the rainfall erosivity factor (MJ·mm/(ha·h·yr)); K is the soil erodibility factor (t·h·ha/(ha·MJ·mm)); LS is the slope length & steepness factor (dimensionless); C is the land cover and management factor (dimensionless, ranging from 0 to 1); P is the support conservation practice factor (dimensionless, ranging from 0 to 1). The implementation of the RUSLE was conducted in the theoretical framework. The value of every single factor was evaluated and stored in a raster dataset with the resolution of 1 m, and then the parameters of the RUSLE were combined to the result raster layer A according to the RUSLE Equation (1). The R factor value was calculated according to the 
where R denotes the rainfall erosivity factor; P i is average month rainfall; P is annual rainfall. The K factor value was calculated according to the way proposed by Liu et al. (1999) :
where K denotes the soil erodibility factor (t·h·ha/(ha·MJ·mm)); D g is the geometric mean diameter of soil particles (mm); m i is the geometric mean diameter below the ith grade (mm); f i is the quality percentage of the ith grade (%). The main soil type in Wangjiagou project region is loessial soil, and m i and f i of loessial soil refer to the values from Zhao (1989) . The L and S factor values were derived from the DEM and combined to a single LS factor as shown in Fig. 2 . The DEM was first revised in ArcGIS for accuracy enhancement. Then, reclassify 1 was calculated according to Equation (5) suggested by Liu et al. (2000) about steep slope equation on the Loess Plateau while reclassify 2 and Raster calculation 1 were calculated according to Equation (6) from USLE (Wischmeier et al., 1971; Wischmeier and Smith, 1978 
where S denotes slope steepness factor, and  is the gradient (°). 
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where L denotes slope length factor;  is the gradient (°); l is pixel slope length calculated by eight directions pour point; and n denotes slope length exponent.
The C factor value and the P factor value were both derived from the land use types combined with field investigation, which was reclassified according to the experimental values of the RUSLE factors (Table 1) . Corn is the main local crop planted in the study area due to its labor-saving as few potato and soybean were planted, so the C value of cropland was set to 0.28 according to the value from Zhang et al. (2001) . The forest in the study area is deciduous broad-leaved forest and has a high vegetation coverage which was partly created by the GFG. Based on the study of Zhang et al. (2003) , the C values of closed forest land, shrub land, and other forest land were set to 0.004, 0.083, and 0.144, respectively. The C values of natural grassland and other grassland were set to 0.44 according to the parameters from Qin et al. (2009) as grassland lacks maintenance and the grass on it grows arbitrarily. Hydraulic structure, field ridge, and floodplain are covered with sparse grass, thus, they were set to 0.44 like natural grassland and other grassland. The P values of natural vegetation and slope cropland were set to 1. The P values of river-nearby land and terrace were set to 0.1 according to the results of Tong et al. (2006) . The P values of rural road land and irrigation and drainage land were set to 0.01 as they have been paved or hardened. Pond was also set to 0.01 as it is covered by water. The P values of other lands without conservation measures were set to 1.
Data source and preparation
The data consists of before-consolidation data and afterconsolidation data. The before-consolidation data for topography includes field-measured 8144 elevation points with contours. The after-consolidation data includes 11 875 elevation points which incorporate fieldmeasured 8144 elevation points and new-added 3731 points for outlining the intact border of every leveling field plot. The land use types of before-consolidation and after-consolidation were made respectively based on the current land use map (1︰10000) and land use planning map (1︰10000). The precipitation data over the last 30 years were collected from local meteorological station and provided by local meteorological bureau.
The triangular irregular network (TIN) was formed and computed by using the software package ESRI ArcGIS based on acquired elevation points with contours. The final result was examined and revised until the validation of the two before-and after-consolidation TINs succeeded in meeting the accuracy. Then, TINs were converted to before-and after-consolidation DEM with the resolution of 1 m. The two DEMs were further revised in ArcGIS for accuracy enhancement. Based on the current land use map (1︰10000) and land use planning map (1︰10000), cropland was subdivided into three classes: slope cropland, terrace and river-nearby land according to the slope map derived from DEM and whether it is close to the river channel (Fig. 3) . The final land use types were shown in Table 1 . The gradient of slope cropland was more than 5° while terrace and river-nearby land were below 5°①.
Results
Soil erosion in study area
The mean values of all parameters of the RUSLE as well as the mean amount of soil erosion for each pixel before and after consolidation are presented in Table 2 . The mean value of soil erosion modulus in the whole project region decreases from 551.87 t/(km 2 ·yr) before consolidation to 497.39 t/(km 2 ·yr) after consolidation.
The total amount of soil shipment decreases from 1552.41 t/yr to 1399.16 t/yr. The most significant change in all the parameters is that P mean value decreases from 0.67 to 0.37. Conversely, the mean values of LS and C increase but at a small range.
To gain more information about the soil erosion intensity, raster layer A was reclassified into six grades in ArcGIS (Table 3 ). The proportion of slight erosion ranked first, accounting for 85.74% of the whole project region area before rehabilitation, and still ranks first after consolidation even with an increase up to 91.18%. The area of mild erosion and moderate erosion reduce, while it can be found that the area of strong erosion, very strong erosion, and severe erosion increase.
The spatial changes of soil erosion intensity are presented in Fig. 4 . The expansion of the slight erosion area is obvious in the project region. Another obvious change is the emergence of some linear erosion areas which are steep slopes created after land consolidation. By comparing Fig. 4 and Fig. 5 , it is clear that the expansion of the slight erosion area was accompanied by the increase of terrace and river-nearby land and the decrease of slope cropland and other lands. It is also found that the emerging linear erosion places are mainly field ridges. Moreover, the village land and its surroundings suffered 
Fig. 4
Soil erosion intensity before and after consolidation strong erosion, very strong erosion, or even severe erosion both before and after consolidation. Field ridges also suffer strong erosion or more, while terrace and river-nearby land are in slight soil erosion.
Soil erosion of different slopes
By making reclassification and zonal statistics in ArcGIS on raster layer A according to six grades as shown in Table 4 , the gradient distribution in the project region is found. On the one hand, the proportion of 0°-5° grade increases from 64.28% to 71.69%, the proportions of 15°-25°, 25°-35°, and above 35° grades raise in different degree, respectively. On the other hand, the proportions of 5°-8° and 8°-15° grades decrease from 15.16% to 7.13% and from 13.17% to 9.82%, respectively. Meanwhile, the average soil erosion modulus of every gradient grade all decreases. As for the total changes of the gradient distribution, it is obvious that the area of 5°-15° grade decreases significantly while the area of 0°-5° grade increases greatly. It indicates that the GLCP in Wangjiagou project region was mainly conducted on the area below 15° as the slopes below 15° were converted to the terrace and river-nearby land lied in 0°-5° grade.
Soil erosion of different land use types
The soil erosion in different land use types is presented in Table 5 Cropland as the primary land use type increases from 55.54% to 66.66% in the project region and is divided into slope cropland, terrace, and river-nearby cropland (Table 5 ). It is obvious that the slope cropland unsuitable for farming decreases from 21.21% to 4.92%, while more terrace and river-nearby land favorable for farming are created, increasing from 12.69% to 29.73%, and from 21.64% to 32.01%, respectively. The proportions of closed forest land, other forest land, natural grassland, other grassland, mine land, hydraulic structure and flood plain decrease after consolidation.
Meanwhile, it can be found that shrub land, pond, irrigation and drainage land, and field ridge increase respectively. Comparing with the results in Fig. 4 , it is further proved that slope cropland and other lands such as scattered closed forest land, other forest land, natural grassland, other grassland, mine land, floodplain in the gully were mainly converted to terrace and river-nearby land. Mine land was reclaimed totally while irrigation and drainage channels were built mainly on floodplain or natural grassland. The increase of shrub land was mainly attributed to the reduction of scattered steep slope cropland after consolidation around terrace.
Discussion
Multiple effects of GLCP
The GLCP design in Wangjiagou project region mainly includes land consolidation engineering, irrigation and drainage engineering, rural roads engineering, farmland protection and ecological environment conservation engineering (Table 6 ). One damaged silt dam was repaired in the project region to offer security. Due to the integrated design, the GLCP tends to bring multiple favorable effects. First, soil erosion becomes decreased. The total amount of soil shipment has decreased by 9.87% and the area of slight erosion expanded by 5.44%. Nonetheless, soil erosion increases in certain places such as field ridge, village land, floodplain, natural grassland, and shrub land. Second, lots of large flat farmlands are created to improve agricultural productivity and promote agricultural modernization. Terraces and river-nearby land favorable for farming increase by 17.04% and 10.37%, respectively. The improving production conditions would advance local agricultural development so as to raise income of local peasants and economic growth. Third, lots of large flat farmland increased by the GLCP would indirectly reduce the land reclamation on the slopes, which can efficiently protect local ecological vulnerable environment.
GLCP and GFG
Zhu (1998) presented a strategy for land consolidation on the Loess Plateau: 1) rainfall should be retained and infiltrated to site; 2) grain should be cultivated on the plains and tablelands; 3) wood and fruit trees should be located in gullies; 4) grasses and shrubs should be planted on hillsides. Liu (1999) proposed four principles for land consolidation and divided the process of constructing conservational and eco-agricultural system into three phases: initial restoration stage, stable improvement stage and fine development stage. During the past decades, great efforts have been made to restore vegetation so as to reduce soil erosion in the Loess Plateau. However, the efficiency of vegetation restoration was not achieved as expected (Shi and Shao, 2000) . The situation has been improved a lot after the GFG project was implemented (Chen et al., 2007; Wang et al., 2013) . With the vegetation cover increasing and soil erosion decreasing because of the GFG project, two changes should be recognized: 1) The increasing vegetation coverage not only reduces soil erosion, but also minimizes the flood risks (Zuazo and Pleguezuelo, 2008) , which is important for the safety of dams and land in gullies. The Wangjiagou project region has a high vegetation coverage created partly by the GFG, which could prevent the heavy floods greatly. Thus, the GFG laid a solid basis for the GLCP; 2) With soil erosion decreasing due to the GFG project, it will take longer time to form dam land (one kind of most fertile river-nearby land, usually formed in front of dam through soil accumulation) naturally, which means short-term economic benefits are not easy to achieve. The siltation of medium silt dam or key silt dam will take more than about a decade to create new dam land. Thus, it becomes necessary to improve ways to create dam land. Plenty of large flat farmlands were created in the Wangjiagou project region in a relatively short period. The GLCP developed one feasible way to new generation dam land.
The improving ecological environment constructed by the GFG offered certain security for land consolidation in the Loess Plateau. Meanwhile, more farming land in gullies created by the GLCP instead of land reclamation on the slopes also guarantees the valuable achievements of the GFG. On the basis of the GFG, the GLCP tends to combine long-term and short-term benefits as well as economic development and ecological protection. Under the background of ecological civilization construction in China, the Loess Plateau hilly region especially Yan′an City should continue to promote ′three engineering′ such as the GLCP, the GFG, and land creation for building city, optimize ′three spaces′ including ecology, production and living, and speed up the construction of ′Yan′an model′ with man-earth harmony, urban-rural coordination and innovative development in the future.
Conclusions
This study assesses the effects of the GLCP on soil erosion by using a GIS-based RUSLE. It is feasible to im-plement the GIS-based RUSLE model and the data acquired by field measure to assess the effects in smaller areas. The data in this way are much accessible and fully utilized for the assessment of soil erosion in the real land consolidation projects.
It is obvious that the GLCP in Wangjiagou project region has positive effect on soil erosion reduction, and the soil erosion intensity in Wangjiagou project region reduces significantly as well. Meanwhile, more terrace and river-nearby land favorable for farming are created, accompanied by the decrease of slope cropland unsuitable for farming. The results of this study also show that slopes below 15° are feasible to be consolidated in GLCP.
It is indicated that the relationship between the GLCP and the GFG tends to be mutually beneficial and inseparable in Wangjiagou project region. The GFG promotes the high vegetation coverage which minimizes the floods greatly to prevent project damages in gullies, while the GLCP creates more farmlands favorable for farming instead of land reclamation on slopes. However, the GLCP also intensifies soil erosion in certain places in the project region. It is worth noting that village land still suffers soil erosion and field ridge ever suffers stronger soil erosion even after consolidation. Thus, special improvement in the GLCP design is needed possibly for intensified soil erosion areas. Furthermore, due to diversity of gullies in the Loess Plateau, the concrete design varies flexibly according to every gully situation and not all the gullies are suitable to conduct the GLCP.
